Introduction
During the last decades a growing number of car transport rate increasing challenge of traffic flow management. There are many different studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] that make it easier to understand traffic flow. Liu et al. [1] analyze the variation of the density of cars in a single lane using a jam control scheme based on a lattice hydrodynamic model. In this case, an additional controlled traffic flow is introduced into the traffic flow and obtained results show the changes of situation. It is controlled by only one lattice section, adjusting its traffic flow parameters. Using this method, the results are visible only after 200 s. Also, the genetic algorithm is used for the optimization.
A modified Nagatani hydrodynamic model [2] determines the optimal traffic flow velocity estimating the traffic flow difference in information between the actual flow and the optimal flow in line [3] [4] [5] . The results were obtained by changing the response sensitivity of the traffic flow variation. The higher selected response sensitivity creates a smoother traffic flow on the road. The hydrodynamic model supplemented with delayed feedback control strategy [6] [7] , where according to the control traffic light the optimal vehicle velocity is determined.
Kaur et al. [8] analyzes the traffic flow in bend road with different settings using the hydrodynamic model and evaluation of driver behavior. It shows that in the case of road bends, there is a negative effect on the equilibrium of traffic flow. The aggressive driving also has a negative effect on the equilibrium of traffic flow. However, assessing the drivers' driving aggressiveness, it is possible to obtain a higher traffic flow stability by introducing bend roads. The modified Nagatani hydrodynamic model [9] [10] is also supplemented by equations describing the interactions between two road lanes. Here, cars can change the lane by estimating the optimal traffic difference in lanes. In this case, the vehicle can change the lane if its lane density is higher than in the adjacent lane. As a result, the highest transport flow stability is reached when coefficient of response to the difference in density is highest. The highest concentration instability occurs when the vehicle does not have the ability to change the lane. Using the same model showed that although obtained the greatest density of stability but at the same time the velocity of the traffic flow is the lowest [11] . Hydrodynamic model investigates the aggressive maneuvering of drivers between two lanes [12] . Using the hydrodynamic model for two traffic lanes calculations were made including the probability of traffic jam formation in traffic flow [13] . The results show that although there is a high probability of traffic jam, but by combining the coefficient of the reaction to the density difference it is possible to reduce the concentration imbalance caused by the traffic jam. In [14] article hydrodynamic traffic flow model is extended with equations for optimal assessment driving uphill or downhill. It results that with the same coefficient of response to the concentration difference, but at a different angle of uphill or downhill has a very significant effect on determining the stability of the density on the road.
Jovanovic et al. [15] describes a new way to optimize traffic light parameters. It uses the Bee Colony Optimization (BCO) technique here. The aim is to reduce drivers travel time at regulated intersections.
Lee et al. [16] describes the traffic lights control method of evaluating several different traffic lanes. The problem raised in this article is a delay in traffic light control. For that purpose, the coefficients for mathematical equations that can adjust the delay characteristics in a given cycle were determined. For the detailed analysis a Kalman filter is used. The Kalman system parameters describe the relative correction factors and the lengths of the rows of stopped traffic flows beyond the turning point between n-1 cycle and n+x cycle for future time windows.
Drivers participated in the traffic flow always want to get to the desired location as soon as possible and avoid tedious traffic jams. Therefore, in this article, using a modified discrete traffic flow model, it is aimed to determine the optimal period of traffic lights to obtain the maximum average vehicle velocity. Also to set the output boundary conditions effect for traffic flows.
Research method
Trying to manage the urban traffic flows in the city streets it is necessary to control traffic lights period on intersections. In Vilnius one of the most crowded streets is Kalvarijų street, so it is a perfect choice for the detailed analysis and modelling the traffic flow to the city center. For the detailed analysis all simulated road is divided every 50 meters and marked with regulated intersections (Fig. 1) . Calculation scheme distinguishes points that are bigger crossroads with traffic lights (indicates the symbol) and the points where there is no traffic light (indicates the symbol).
For the analysis of traffic flow dynamics discrete traffic flow model presented in [17] [18] is used. The discrete model of traffic flow uses system of equations that takes into account selected two new parameters: traffic flow density and traffic flow speed. These parameters are calculated for each road point and the information from the previous and the next point of some road mesh is taken into account (Fig. 2) . 
where: Vehicle quantity at each road element is:
where:
, ij
x is traffic line element boundary points;
, ij k is traffic flow density at boundary points. 
e N is number of road elements. Starting the street's traffic simulation, input parameters are entered to the measure of the flow of transport: The following are all the traffic lights in the simulated road at the same time works in the selected periods. The calculations are carried out at different periods of traffic light entering from 98 seconds to 248 seconds. The entire period consists of half a time the red light period and half the time green light with the yellow light periods. For example 108 seconds period is determined that a yellow light lasts for 2 seconds, the green light for 50 seconds, and the red light 54 seconds (Fig. 3) . As in a real system, the vehicle is moving and when the yellow light, such time selection determines that the vehicle can move and stand at traffic lights the same time. 
Research results and presentation of methods
The discrete traffic flow model allows research of the dynamics of all traffic flow at any point of the simulated road by traffic lights period. The graphs of the obtained results (Fig. 4) compared the dynamics of traffic flows at the Fig. 4 The traffic flow parameters (a -velocity, b -density) variation in time at the intersections with traffic lights in 108 s period first regulated intersection, which corresponds to 27th point in the model, at the highest intersection of the road which corresponds to 58th point and at the last intersection of the simulated road, which is at 72nd point, when the traffic lights period is 108 T  s. In graphs, traffic light status is indicated by + in green period, and -in red period.
During the first traffic light cycle, the traffic flow velocity is highest (Fig. 4, a) when the density in all points at the beginning of the simulation is 0.1 veh./m (Fig. 4, b) so the modelling street is not overcrowded. After several traffic lights cycles, the traffic flow becomes steady, but over time, the density of traffic flow in the simulated street increases at 27th point. This also affects the traffic flow velocity, which fluctuates even at a green light period. However, such fluctuations are not noticeable on simulated streets at 58th and 72nd points. But the density at 58th point is higher than 72nd point. This suggests that small concentrations and velocity fluctuations in the simulated street at the last points cause very noticeable fluctuations in the first points, thus changing the flow parameters according to the x-coordinate. All these changes also determine the total vehicle number in the modeled road (Fig. 5) . The large changes in the total vehicle number in time (Fig. 5) is due to the fact that at the end of the simulated road there is no periodically stopping traffic light, so the traffic flow can move freely, and cars are introduced into the simulated road in the 120 T  s period. Therefore, the total vehicle number on the road constantly changes over time.
In order to determine the optimal traffic light period, the traffic flow dynamics is calculated for 11 different periods from 98 T  s to 248 T  s. The average values of the traffic flow are determined, without the first 1,000 s. Because the recent graphs show that the traffic flow in the modeled road in the first seconds of calculation is still unstable, therefore, in order to obtain the accuracy of the results, the average values are calculated in the stable mode.
After the theoretical simulations, summing up the results of velocity, flow, density and total vehicle number at different traffic light periods, it was found that the average traffic flow velocity reaches the best value at a 108 T  s period (Fig. 6) . Reducing or increasing the traffic light period reduces the average traffic flow velocity. Although flow and density are increasing when reducing the traffic light period, but the optimal period is that, which allows traffic flow to move most faster. This increases the driver's fulfillment and reduces the negative impact on the environment and the surrounding people. As the frequent of traffic light makes drivers constantly stop and re-accelerate, which has the greatest negative impact on vehicle exhaust emissions and noise. The fundamental traffic flow curve (Fig. 7) shows the relationship between traffic flow density and flow. The obtained results show that the flow increases as density increase.
The following results are presented at a 108 T  s period, when it is determined that this is the optimal traffic lights period on the modeled road. Charts (Fig. 8-10) show cycles of traffic light, which include inefficient traffic flow in green traffic light period. The traffic flow starts at high acceleration in green period (Fig. 8) , because after the intersection density is close to 0 veh./m. (Fig. 10) .
Fig. 7 Fundamental traffic flow curve
Traffic flow accelerates until the maximum permitted velocity or to the velocity of the forward moving traffic flow (Fig. 9, a) . The results show that at different regulated intersections the traffic flow velocity and density differ significally (Fig. 9, b) . At the last simulated intersection marked 72nd point green light period, traffic flow reaches the set maximum speed, because there are no regulated intersections at the front. However, this velocity remains short time, due to the increasing density of traffic flow. At intersection, which is marked with 58th point, traffic flow to the maximum speed does not reach due to the traffic light in front, to which is only 200 meters away (Fig. 1) . Due to the close proximity of traffic lights, the density of traffic flow at the 58th point with traffic light (Fig. 10) remains high, even in red light period. At all points from 58th to 62nd, traffic flows behave in the same way as at the intersection. But at these points, traffic flow velocity is most effective, uniformly accelerates, keeps constant velocity throughout the period of the green light and uniformly stops at a red light. This is due to the fact that the all traffic flow is moving almost simultaneously. The worst situation is at 27th point, because the traffic flow is very non uniformly in green light period. During the period of the green light, the vehicles accelerates rapidly, due to the rapidly increasing density, the traffic flow is forced to suddenly slow down, and then decreases the density have to accelerate again. This is due to the fact that the higher traffic flow density in the front slows down the incoming flow, which can not immediately accelerate. In this way, as a wave, the increased density along the x-axis pass through the entire traffic flow to the beginning of the simulated road, slowing the traffic flow. In order to determine the accuracy of theoretical studies corresponding to the real traffic flow, an experimental study was conducted during which the results of traffic flow velocity variation were obtained at the intersection with high traffic flow density and behind it (Fig. 11) in the green traffic light period. Theoretical modelling results are reliable because it confirms the theoretical and experimental traffic flow velocity variation performance comparison. The average velocity variation error rate is about 6.26% comparing similar conditions in a real and simulated road. Similar conditions at the intersection marked 58th point are formed, because there is also a high density in the intersection and behind it. In other conditions, the experimental results average traffic flow velocity variation error is 20.11% compared to 27th point and 32.86% compared to 72nd point experimental traffic flows. However, the last two traffic flow velocity variation errors should be corrected by conducting experimental studies under appropriate conditions as in the above-mentioned points. Fig. 12 show the results of traffic flows without first 1,000 s fundamental curves at different intersections of simulated road. The curves clearly show the uniformity of movement of traffic flows on a simulated road. There is a very large dispersion of results at the 27th point intersection, which means that at the same traffic flow density, there may be very different flow. In 58th point marked intersection, there is a completely different distribution, in which there is almost no dispersal, because traffic flow here is moving uniformly.
In Fig. 13 are presented comparison of the average velocity, flow and density results of the simulated road at different traffic flow densities at the last point of the simulated road. The discrete model of traffic flows used to analyze the dynamical processes of rapidly changing transport flows as a solid dynamic system with changing system parameters and its own dynamic characteristics. Dynamic traffic flow characteristics can be expressed as the frequency dependence of transport flow parameters. After expanding the traffic flow parameters to time in the Furje line when the period T=128 s, their spectrum is obtained, which can be used to identify a particular road network natural frequencies. If traffic light control frequency is equal to the simulated traffic flow natural frequency, there is a resonance in the system. In Figs. 15-16) , this is the first harmonic, which is the largest amplitude. The amplitudes of higher harmonics are smaller than the first harmonics amplitudes, which can also affect traffic flows. Therefore, it is important to consider which traffic control mode is better for controlling traffic flows and will the system work in resonant mode, or by contraries.
It is necessary to mention that during the same period of traffic light flow amplitudes may not necessarily decrease with each harmonic. In the second and fourth harmonics amplitudes can be higher but in the third can be very small. Velocity and density amplitude with each harmonic decreases.
After expanding the distribution of traffic flow parameters in the Furje line, according to the T=128 s period, get results shows, depending on the chosen period for the control of traffic lights, frequencies change in the spectrum. Fig. 15 The spectrum of the (a-velocity; b-flow; c-density; d-total vehicle number) amplitude at T=128 s traffic lights period Fig. 16 The spectrum of the total vehicle number amplitude at T=128 s traffic lights period
The results presented in this article are significant in that they show the possibilities of a discrete traffic flow model to precisely model transport flows under different conditions. It allows to monitor the dynamic traffic flow characteristics at any point of the simulated road and at any time. The reliability of theoretical modelling results based on experimental studies confirms the suitability of the model for using it to optimize the movement of real traffic flows. After finding the optimal traffic light period for all modeled road traffic lights operating in the same mode, further research can optimize the work of each traffic light individually due to the observed uneven traffic flow at some of the simulated road points. For this purpose, spectrum of traffic amplitude parameters could be helpful. Determining which harmonic frequency for traffic lights has a positive effect on traffic flows. Also, traffic lights period can be changed depending on the changed traffic conditions in simulated road first point and last point.
Conclusions
The modelling results allow us to analyze the dynamics of transport flows in the modeled road, depending on the studied boundary conditions, which are defined at the last point of the simulated road with traffic flow density kout= (0.05; 0.1; 0.15) veh./m and traffic light periods from T=98 s to T=148 s at regulated intersections.
The results of theoretical investigations show that the optimal traffic lights period on a simulated road is T=108 s, in order to get the highest average traffic flow velocity, the value of which is 3.3825 m/s.
The results of the theoretical modeling of the discrete traffic flow model have an error of about 6.26% compared to experimental results when traffic flow accelerates in green light beginning of the period.
Comparative results show that at a density of kout= 0.15 veh./m at the last point of the simulated road with a case where density of kout= 0.1 veh./m, the total vehicle number on the road increases by 34.4%, and when kout= 0.05 veh./m, the total vehicle number on the entire road decreases by 11.8%
In further researches it is recommended to analyze the efficiency of the resonant and non-resonance traffic light control mode for traffic flows based on the spectrum of amplitude of traffic flow parameters.
